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Abstract
The present study aimed to evaluate the body proportions of sitting height and leg length in children
and adolescents with Down’s syndrome (DS). The sample consisted of 99 individuals with DS (40
girls with an average age of 11.45 ± 2.6 years and 59 boys with an average age of 12.07 ± 3.0
years). The following parameters were studied: chronological age, height, sitting height and leg
length. The body proportions of each segment were calculated using body indices and the Phantom
model. For the statistical analysis, the normality test and descriptive analyses of central tendency
and dispersion were performed, and Student’s t-test was used. For all treatments, the statistical
software program SPSS version 13.0 was used, and a significance level of p < 0.05 was set. The
body proportion of the upper and lower segments of children and adolescents with DS differed from
those of the typical population in terms of leg length, whereas the seated height values of individu-
als with DS  †were similar to those of individuals without DS.
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INTRODUCTION
The phenotype of Down syndrome (DS) is
complex and varies among individuals. This phe-
notype may include a combination of several char-
acteristics, such as brachycephaly; brachydactyly;
epicanthic fold; duodenal atresia; hypotonia; flat
nasal bridge; communication difficulties; short
stature; broad hands; clinodactyly; increased dis-
tance between the first and second toes; small,
flat and oval shaped head; short legs; and intel-
lectual disabilities1-3. Individuals with DS also have
an increased incidence of cardiovascular diseases,
endocrine alterations, immune defects, nutritional
disorders and leukemia and a higher risk of in-
fections4.
DS originates from the inadequate separa-
tion of chromosome 21, which may occur in the
gamete formation phase (egg or sperm) or imme-
diately after fertilization in meiosis or in mitosis,
respectively. Chromosome separation may occur in
three ways: free trisomy 21; translocation between
chromosomes 21 and 14 and/or translocation be-
tween chromosomes 21, 21 and 22; or chromo-
somal mosaicism5, 6.
Studies of body proportions in individuals with
DS are scarce and often address only adults’
height7-9. Few investigations have evaluated other
anthropometric variables. In those studies, the au-
thors showed that the average growth rate during
adolescence is slightly reduced in people with DS.
Additionally, the authors reported that the shorter
height observed in the DS population was mostly
caused by smaller increases in lower limb growth
throughout the study period (8 - 18 years) relative
to the typically developing population10.
Thus, the present study aimed to evaluate
the body proportions for seated height and leg
length in children and adolescents with Down syn-
drome in Brazil.
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METHODS
A total of 99 children and adolescents with
Down syndrome (DS) were assessed. Forty of the
subjects were girls with an average age of
11.45±2.6 years, and 59 were boys with an aver-
age age of 12.07±3.0 years. All of the participants
were attending specialized educational institutions
located in the metropolitan region of Campinas, São
Paulo, Brazil. The study followed the guidelines and
standards that regulate human research (Law Num-
ber 196/96) and was approved by the Research
Ethics Committee of the State University of
Campinas (Universidade Estadual de Campinas,
UNICAMP; n.558/2010). An independent and in-
formed consent form that would authorize the
children’s participation in the study was sent to the
children’s parents or guardians.
The following parameters were assessed:
chronological age (years), height, seated height and
leg length. The karyotype (mosaicism, transloca-
tion or simple trisomy) and the presence or ab-
sence of pathologies associated with the syndrome
was not analyzed.
An anthropometric Fillizola® scale with an
accuracy of 100 grams was used to measure body
mass. The participants were weighed in a standing
posture with a horizontal gaze axis. The subjects
wore the minimum possible clothing (only the edu-
cational institution uniform), the weight of which
was not discounted.
Height was measured using a metal
stadiometer with a scale accuracy of 0.1 cm. A metal
cursor determined the participant’s height, which
was measured with the participant wearing the edu-
cational institution uniform. The participants were
weighed in an upright position with a horizontal
gaze, the upper limbs alongside the body, heels
together and buttocks, torso and head touching the
vertical plane of the stadiometer.
The sitting height was measured with the
aid of a 50-cm-tall wooden bench. The partici-
pants had their buttocks supported, their torso
and head along the vert ical plane of the
stadiometer and their hands resting on their
thighs. The head was slightly stretched to stand
out from the shoulders, and the gaze axis was
horizontal. The same metal stadiometer with 0.1-
cm accuracy that was used to perform the height
measurements was used to measure the sitting
height. The leg length measurement was deter-
mined by the difference between the height and
the sitting height.
The proportions of the body segments were
assessed using body indices and the Phantom
model. The Phantom model was designed by Ross
and Wilson, who proposed a bilaterally symmetric
and unisex human reference based on anthropo-
metric studies conducted in large populations11.
To make this type of analysis more opera-
tional, the authors applied the Z score concept
to the proportionality analysis. The Z score ex-
presses the distance from a point on the bell
curve of probabilities to its midpoints, as repre-
sented by the mean. In proportionality, this in-
dex expresses the distance, in terms of stan-
dard deviation, between the numerical value of
a variable and the average Phantom model for
that measure. The formula for calculating the Z
score is
Z = 1/s [L(170,18/E)d – P],
where
Z = the Z index of the studied measure.
s = the typical standard deviation of the Phan-
tom model for the variable studied.
L = the measurement for the studied indi-
vidual.
170,18 = the proportionality constant for the
model height.
E = the height of the individual studied.
P = the Phantom value for the variable
studied.
d = 1 for linear measures, d = 2 for surface
measures, d = 3 for mass measures.
(Ross and Wilson, 1974).
This formula aims to adjust all of the mea-
surements to a common height geometrically, mak-
ing it possible to study the proportions, regardless
of the real size. The Phantom variables are
unimodal, i.e., Z=0.0 is the mode. Therefore:
Z = 0.0 indicates “same proportion as Phan-
tom”.
Z > 0.0 indicates “proportionally higher than
Phantom”.
Z < 0.0 indicates “proportionally lower than
Phantom.”
(de la Rosa and Rodriguez-Añes, 2002).
The proportionality indices for sitting height
and leg length were also used. These indices can
be defined as scores resulting from mathematical
associations between the values of two anthropo-
metric dimensions observed in the same evaluated
subject. These scores are adjusted as percentage
values that represent the lowest measured value
divided by the highest one 13 (Guedes et al., 2006).
Thus, the following equations were used:
Sitting height index = sitting height (cm) x
100/height (cm)
Leg length index = leg length (cm) x 100/
height (cm)
Subsequently, based on descriptive studies
developed in different parts of the world13, the ref-
erence indices were used for the analysis of the
body indices of both sexes and for both the sitting
height and the leg-length analyses.
 The Kolmogorov-Smirnov test and descrip-
tive analyses of central tendency (mean) and dis-
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persion (standard deviation) were used for the
initial treatment of the data. After the data’s nor-
mality was confirmed, Student’s t-test was used
to verify possible significant differences between
the sexes.
The software program SPSS 13.0 for Windows
was used for all analyses, and significance was set
at p < 0.05.
RESULTS
The results of the first Brazilian study of body
proportions in children and adolescents with DS
reflect a sample of subjects in different age groups
who were assessed a single time. Factors that may
have influenced growth in this sample were not
controlled.
Table 1: Descriptive data regarding the mean, standard deviation and minimum and maximum values for
the sample studied in Campinas, SP, Brazil
 Boys (n=59) Girls (n=40)
Mean Minimum Maximum Mean Minimum Maximum
Age (years) 12.07 ± 3 6 18 11.45±2.6 7 16
Weight (kg) 44.03 ± 117.4 20 84.5 44.1±16.4 18.6 93.6
Height (cm) 136.40 ± 15.5* 109.5 169.2 129.03±11.8 102 142.3
SH  (cm) 71.62 ± 10.2* 51 89.4 67.2±9 50.9 86.2
LL (cm) 64.77 ± 8.1* 52.3 86 61.69±6.2 50 74.7
Zsh -0.34 ± 1.3 -4.7 3.2 -0.50±1.4 -4.19 2.89
Zll 0.39 ± 1.5 -3.7 5.43 0.54±1.5 -3.3 4.5
Ish 52.43 ± 3.6 40.6 62 51.96±3.9 42.1 61
Ill 47.56 ± 3.6 37.9 59.3 47.94±3.7 38.9 57.1
SH: sitting height; LL: leg length. Zsh: sitting height Phantom score; Zll: leg length Phantom score; Ish: sitting height
body index; Ill: leg length body index.
Table 1 shows the mean, standard deviation and minimum and maximum values for both sexes.
Data for body proportions are shown in absolute values, Z scores (Phantom) and percentages based on the
body indices.
Figure 1: Body proportions of girls and boys with DS based on chronological age and Phantom reference.
Figure 2: Body proportion of girls and boys with DS based on chronological age, classified according to
Phantom reference values.
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DISCUSSION
These results regarding the body proportions
of children and adolescents with Down’s Syndrome
reflect a sample of subjects in different age groups
assessed a once. The boys had significantly higher
mean values   for height, sitting height and leg
length than the girls.
Regarding body proportion, Figure 1 shows
the sample’s standard deviation (SD) values based
on the Phantom reference. SDs greater than or equal
to -2 and +2 (score + 2 < z > -2 )   are considered
normal. According to Figure 1, the only point at
which the girls had z scores above +2 SD was for
leg length at 11 years of age, which coincided with
the -2 SD point for sitting height. The boys had
sitting heights and leg lengths within the normal
values of the reference population.
Figure 1 shows that the variables had greater
proximity to the normative values as chronological
age advanced, and the highest standard deviations
occurred between 10 and 11 years for girls and be-
tween 8 and 9 years for boys.
The body index analyses (Figure 2) showed
that girls never reached the range of normative
values   (52 to 54) for leg length and had sitting
height values similar to the reference population’s
normal values for sitting height (53 to 55) after the
age of 11 years. Similarly, the boys’ body indices
were   close to the reference values for sitting height
(51 to 53). However, these subjects did not have
leg-length body indices within the normal values of
the reference population (55 to 57).
It is difficult to interpret body proportion data
using the Phantom method because of the height
equation value used (170,18). In most cases, people
with DS do not reach similar final height values.
Additionally, there may be wide variations in growth
among individuals with DS, depending on the type
of genetic alteration that they have (simple trisomy,
mosaicism or translocation). An American study
evaluated the growth of 730 children and adoles-
cents aged 0 to 18 years with DS and found that
the final height of both sexes was reduced by 2
standard deviations compared with the reference
population 7. In another study, the authors ana-
lyzed 85 individuals with DS aged 0 to 20 years
and reported mean values of 153.2 ± 5.6 for the
final height of boys and 141.9 ± 2.8 for girls9.
Myrelid et al. reported that individuals aged 0 to 18
years with DS reached average final heights of
161.5±2.5 for males and 147.5 ± 2.8 for females8.
However, because there are no data or meth-
ods for assessing the body proportions of subjects
with DS, the available international benchmarks
were used11.
An interesting finding of the present study
was the body indices, which allow the relative con-
tribution of the upper body (sitting height) and lower
limb (leg length) segments to be assessed. Body
index evaluations make it possible to say that chil-
dren and adolescents with DS have reduced final
heights compared with the typical population be-
cause of lower growth rates in the lower limbs. In
the present study, the children showed reduced leg
growth (8% for boys and 6% for girls, on average)
compared with normative values .
The reduced leg growth for both sexes is con-
sistent with the findings of Rarick and Seefeldt, who
reported that adolescents with DS have less vigor-
ous growth spurts compared with the typical popu-
lation because of lower growth rates in the lower
limb segments, resulting in a reduced final height10.
According to Myrelid, Gustafsson and Ollars
et al., reduced height is one of the striking features
of individuals with DS, who experience reduced
growth rates beginning in the prenatal period. Af-
ter birth, the growth rate is further reduced be-
tween 6 months and 3 years of age, and the growth
spurt is reduced and occurs earlier than in the typi-
cal population8.
Jaswal and Jaswal analyzed the body propor-
tion of the head circumference, height and length
of torso and legs of 59 male and female children
and adolescents with DS aged 6 to 18 years. The
authors compared these characteristics with those
of a control group composed of 293 individuals with-
out DS. The results showed that the group with DS
had lower values   for all anthropometric variables,
with standard deviations ranging from -0.04 to -
2.36. The major differences were observed in the
length of the torso and legs. However, the reduc-
tion in the torso length was not proportional to the
height. Thus, the authors concluded that the shorter
height of people with DS is a result of the reduced
leg growth14.
Similar findings occurred when the present
study’s results were compared with those of
studies on Turner’s Syndrome (TS), which is an-
other genetic syndrome. Hughes, Ribeiro and
Hughes assessed the body proportion of 22 TS pa-
tients with an average age of 13.8 ± 2.1 years.
The authors observed a standard deviation of -
3.28 ± 1.0 for the leg-length segment 15. Recent
studies have found similar results, in which leg
length growth was reduced by -2.69 to -3.69 SD
on average16.
The literature notes the deficit of insulin-like
growth factor 1 (IGF-1), which is primarily respon-
sible for the actions of the growth hormone (GH),
as one of the factors that influences the reduced
growth of individuals with DS. GH is produced pri-
marily by the liver, which stimulates cell prolifera-
tion and somatic growth17.
In a study by Annerén, Tuvemo and Carlsson-
Skwirut et al., the authors analyzed the influence of
GH treatment on the height of children with DS. The
experimental group included 15 boys and girls with
DS who ranged in age from 6 to 9 months at the
beginning of the 3-year treatment period. Later, the
participants were compared with the control group,
which consisted of 15 similar-aged children of both
sexes with DS, who did not receive hormonal treat-
ment. The authors found that the average height of
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the experimental group increased from -1.8 to -0.8
SD during GH treatment, while the control group
showed growth-rate decreases of -1,7 to -2.2 SD.
This result demonstrated that GH treatment results
in normal growth rates in children with DS18.
Gorla, Duarte and Costa et al. conducted a re-
view of the literature related to the growth of chil-
dren and adolescents with DS. The authors reported
that the growth deficit could also be explained by
characteristics that are usually present in this popu-
lation, including zinc deficiency, congenital heart dis-
ease, upper airway obstruction during sleep, celiac
disease, thyroid alterations and inadequate nutrition
resulting from feeding difficulties19.
Based on the findings, it can be concluded
that the body proportions for the upper and lower
segments of children and adolescents with DS dif-
fer from those of the typical population. This dif-
ference is observed in the leg length of this group,
which exhibited a lower contribution to height
when compared with normative values. For the
sitting height proportion, the DS group’s values
were close to the range reported for the popula-
tion without DS.
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